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RING MTCROSTRTP ANTENNA APPav 



BACKGROUND OP THE INVENTION 

The present invention relates to small microstrip 
20 antennas for use in electronic devices. Particularly, the 

invention relates to microstrip antennas arrays suitable for 
use in portable electronic devices, such as base stations 
which require high directivity while operating in close 
proximity to humans or other electronic equipment. The 
antenna must operate while positioned in a variety of 
orientations, yet must be small enough to fit within small 
spaces, such as within a hand-held base unit. 

Advances in digital and radio electronics have 
resulted in the production of a new breed of communications 
equipment posing special problems for antenna designers. 
These systems are typically small in size and may be easily 
carried by a user. Some of these systems, such as a portable 
base communications unit, require high directivity in order to 
function properly. These units are decreasing in size to the 
point that they may fit within small, hand-held packages. 
As a result, these antennas are subjected to increased 
radiation and "body effect" from the proximity of humans or 
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electronic equipment. "Body effect" can alter an antenna's 
resonant frequency as well as its gain. 

In addition, the small size of today % s 
communications equipment dictates that any antenna used must 
5 have a small overall size and a low profile. Further, it is 
desirable to utilize an antenna that is inexpensive to 
manufacture and that has characteristics which allow it to be 
tuned for use in a variety of applications. 

Microstrip antenna arrays have been found to be 

10 useful alternatives for applications requiring a small and 
particularly thin overall size. A microstrip antenna array 
comprises a dielectric sandwiched between a conductive ground 
plane and a plurality of planar radiating patches. These 
patches are placed in arrays of varying dimensions in order to 

15 achieve desired performance characteristics. The patches in a 
^ ; ^ typical microstrip antenna array are often a half wavelength 
in size. The patches in these arrays frequently are 
positioned up to one half wavelength apart, resulting in a 
1 ^ large overall array size. Each of the patches in the array is 

^20 energized via a feed scheme. One feed scheme for these 

microstrip arrays involves placing another layer above the 
radiating patches. Pin connections from striplines formed on 
the layer above the patches are then used to connect each 
patch. Alternatively, microstrip feed lines have been used. 

25 However, the positioning of these feed lines poses a difficult 
problem for designers, as the line must be properly attached 
to each radiating patch in order to achieve the needed overall 
input impedance. 

Many different geometries for microstrip antenna 

30 arrays have been developed with resulting differences in 

radiation patterns and resonant frequencies. For example, 
many approaches are shown in the Handbook of microstrip antennas, 
James and Hall, eds., Peter Peregrinus Ltd., London, UK, 1989, 
pp. 35-37 and Chaps. 11-13. 

3 5 Although these conventional microstrip antenna 

arrays have many advantageous characteristics, they do not 
meet the special demands of today 9 s communications electronics 
for several reasons: they are vulnerable to human body 
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effects; they are difficult to tune without changing the 
overall shape or size of the dielectric or radiators; they are 
typically too large to fit within small communications devices 
when designed for operation at frequencies of interest, 
5 typically below 1 GHz ; and, finally, complexities involved in 
designing feed arrangements for the array detract from the 
otherwise simple and inexpensive manufacture of these arrays. 

Accordingly, what is needed is a microstrip antenna 
array of a design having a reduced size which has a low 
10 resistance to human body effect. it would be a further 

advantage to provide such an antenna with advanced tuning 
capabilities while remaining relatively inexpensive to 
manufacture. Finally, it would be desirable to provide such 
an array having a simplified feed scheme. 

15 

SUMMARY OP THE INVENTION 

, According to the invention, a ring microstrip 
antenna array includes a ground plane element and a plurality 
of radiating patches, each made of conductive material, and a 
20 dielectric layer, positioned between the ground plane element 
and the radiating patches, which together form a rectangular 
array. Each of the radiating patches has two side edges, a 
main radiating edge and a base edge. All of the patches are 
oriented in the same direction. According to the invention, a 
short circuit provided along the base edge of each of the 
patches creates a "mirror" image of each radiating patch 
relative to the base edge. The base edge may be fully 
shorted, or in accordance with the invention may be shorted 
along only a portion or selected portions of the edge, as is 
discussed in the co-pending patent application Serial No. 
08/049,514, entitled "A .small Microstrip antenna having a partial 
Short circuit", by Mohamed S. Sanad, filed on April 19, 1993, 
and incorporated herein by reference. 

Each radiating patch also includes a ring area cut- 
out from the patch, exposing a portion of the dielectric 
material underneath the radiating patch. The ring may have a 
rectangular shape, as disclosed in the co-pending patent 
application, Serial No. 08/049,560, entitled "A Small, double 
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Ring Microstrip Antenna m , by Mohamed S. Sanad, filed on April 19, 
1993, and incorporated herein by reference. The ring may also 
have a triangular, circular, diamond, or other shape, as 
disclosed in the co-pending patent application, Serial No. 
5 08/281,874, entitled "DOUBLE Ring MICROSTRIP Antennas", by Mohamed 
S. Sanad, filed on July 28, 1994, and incorporated herein by 
reference. 

In one embodiment, the array consists of four 
radiating patches arranged in a two by two array formation, 

10 each patch having a rectangular ring formed within it. All of 
the patches are energized via a microstrip feed line. Other 
embodiments include three by three arrays, four by four 
arrays, and two by four arrays of radiating patches. Those 
skilled in the art will appreciate that other array sizes are 

15 also anticipated by the present invention. Other shapes may 
also be used. For example; in one specific embodiment, a 
microstrip array may be formed on a cylindrical or spherical 
surface. Other shapes and sizes of the antenna array will 
allow it to be used in a wide range of communication 

20 equipment. , 

For a fuller understanding of the nature and 
advantages of the invention, reference should be made to the 
ensuing description taken in conjunction with the accompanying 
drawings. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a top view of one embodiment of a ring 
microstrip antenna array according to the present invention; 
30 Fig. 2 is a side view of the ring microstrip antenna 

array of Fig. 1; 

Fig. 3 is a cut-away view of the ring microstrip 
antenna array of Fig. 1 showing a single radiating patch; 

Fig. 4 is a simplified top view of one specific 
3 5 embodiment of a ring microstrip antenna array according to the 
present invention; 
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Fig. 5 is a simplified top view of another specific 
embodiment of a ring microstrip antenna array according to the 
present invention; 

Fig. 6 is a simplified top view of another specific 
5 embodiment of a ring microstrip antenna array according to the 
present invention; 

Fig. 7 is a simplified top view of another specific 
embodiment of a ring microstrip antenna array according to the 
present invention; and 
10 Fig. 8 is a perspective view of one embodiment of a 

cylindrical ring microstrip antenna array according to the 
present invention. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

15 Referring now to Fig. 1, a view of one specific 

embodiment of a ring microstrip antenna array 100 is shown." 
? n t^is, specific embodiment, four radiating patches 130-133 
are positioned on top of a dielectric layer 110, which in turn 
is positioned above a conductive ground plane element 120. 
The radiating patches 130-133 are aligned in a two-by-two 
array, and are all oriented in the same direction, i.e., the 
primary radiating edge of each patch is oriented toward the 
primary radiating edge 102 of the array. Each of the patches 
130-133 is energized via a microstrip feed line 104 which is 
25 powered from a feed source located off the antenna 100. The 
entire structure, for reasons which will be explained, has a 
significantly smaller size than previous microstrip arrays. 
Microstrip arrays according to the present invention enjoy 
small sizes while exhibiting good directivity and other 
30 desirable characteristics. Further, as will be discussed, the 
microstrip feed scheme used • simplifies the construction of 
these ring microstrip antenna arrays, as some of the precision 
and additional structural complexity reguired in previous 
arrays are eliminated by the present invention. 
35 Referring now to Fig. 2, a side view of the ring 

microstrip antenna array 100 of Fig. 1 is shown. The 
dielectric layer 100 has a thickness W D . For most 
applications, it is preferred that the dielectric layer 110 is 
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between 40 and 100 mils thick. In a currently preferred 
embodiment, the dielectric layer 110 is 43 mils thick, and a 
dielectric such as Duroid 5880 is used. Duroid 5880 has a 
relative permittivity of approximately 2.2 and is available 
from Rogers Corporation, Chandler, Arizona. Each of the 
radiating patches 130-133 and the ground plane element 120 
preferably has a thickness of 1.0 oz./m 2 of copper foil. 

Details of the construction and operation of the 
array 100 will now be described by referring to Fig. 3, where 
a top view of one of the radiating patches 13 0 of Fig. 1 is 
shown in more detail. As shown, the radiating patch 130 is 
square or rectangular in shape. The patch 13 0 has a "ring" or 
aperture 150 formed in it. In the embodiment shown, the ring 
is rectangular- However, other shapes of rings may be used. 
For example, the use of triangular, circular, and diamond- 
shaped rings have been found to produce satisfactory results. 

. The patch 130 is also characterized in that it: 
contains a short circuited edge 16 6 formed from two partially- 
shorted sections 142, 144. The two partially shorted sections 
each have widths W S1 and W S2 , the sum of which is less than 
the entire width of the patch W p , leaving an open-circuited 
portion 146 having a width of W os . The shorted sections 142, 
144 consist of a plurality of shorting posts 190a-l90d which 
are used to electrically connect the radiating patch 13 0 to 
the conductive ground plane element 120. The shorting posts 
are formed of a conductive material, preferably copper, and 
may be formed by drilling or other means well known in the 
art. In one specific embodiment, the widths W Sl , W s2 of 
short circuit sections 142 and 14 4 are equal to about 8 mm on 
each side, where the overall width of the antenna W A is 4 0 mm. 
The relative sizes of the shorted sections 14 2 and 14 4 may be 
selected to establish a selected resonant frequency and gain 
of the antenna. 

In one embodiment, two shorting posts are evenly 
spaced within short circuit sections 142, 144. It has been 
found that the use of a greater number of shorting posts 
directly impacts the resonant frequency of the antenna. 
Further details regarding the use of a reduced number of 
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shorting posts in microstrip antennas is given in co-pending 
patent application Serial No. 08/281,875, entitled "shorting 
posts for microstrip Antenna" , by Mohamed S. Sanad, filed on July 
28, 1994, and incorporated herein by reference. 

The use of the shorted sections 142, 144 in 
conjunction with the rectangular ring 150 results in a 
"mirror" effect, where a mirror image of the radiating patch 
150 is created relative to the shorted edge 166. This effect 
allows the patch to function as a quarter wavelength radiator 
with a reduced size and with increased resistance to human 
body effect. in one specific embodiment, for a resonant 
frequency of 931.5 MHz, each resonant patch 130 is 41.5 mm 
long, more than 4 0% smaller than typical quarter wavelength 
radiators. It is believed that the increased coupling 
provided by these double ring patches allows each of the 
patches 130-133 to be positioned much closer together than in 
prior arrays. • •.« . 

Each radiating patch 130 of the antenna array 100 is 
energized via a microstrip feed line 180. The' characteristics 
of these microstrip fed antennas are 1 discussed in more detail 

in co-pending patent application, Serial No. 08/283,064 

, entitled "microstrip antenna Having A Microstr:? feed'- by Mohamed 
S. sanad, filed on 29 July 1994 , and incorporated .;erein by 
reference. The microstrip feed line 180 is made of a 
conductive material such as the copper foil used to form the 
radiating patches. The lir.a 180 has a width, which, in 
specific embodiments, is between 1 and 4 mm. The width of 
these feed lines 180 are chosen in order to achieve the 
desired input impedance o: the array. The length of the feed 
line 180 is also chosen with input impedance in mind. 
Further, the length of the feed line 180 determines the phase 
at which each patch 13 0-13 3 resonates. In a specific 
embodiment, the length of the feed line 180 is also in the 
range of 1-4 mm. The feed line is positioned so that it 
connects to the patch 13 0 at the approximate center of the 
shorted edge 166. it is not necessary that the microstrip 
feed line 180 extend beyond the perimeter of the radiating 
patch 130 to obtain the requisite 50 ohm impedance. This is a 
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result of the partial short circuit which operates, in effect, 
to reduce coupling and losses in the feed lines 180, 

Those skilled in the art will realize that the total 
length of each microstrip feed line 180 , measured from the 
edge of the array to each radiating patch 130, may be designed 
to ensure that each patch is excited in phase. In one 
embodiment, the total feed path to each patch 13 0-13 3 is equal 
in length. In other embodiments, it may be desirable to 
energize different patches at different phases. 

The width of the microstrip feed line 180 and its 
position along the shorted edge 166 of the patch 130 are 
selected in order to provide the 50 ohm input impedance . This 
input impedance value is dictated by the characteristic 
impedance, of the microstrip transmission line attached to the 
antenna array 100. A number of other antenna characteristics 
apparent to one skilled in the art that affect the input 
n impedance, may also be taken into account in designing a 
specific antenna. 

As illustrated, there are two short-circuited 
sections ;142 , 14 4. It is preferable that the first and second 
short-circuited sections are positioned as far from the 
microstrip feed line 18 0 as possible. However, in some 
embodiments, additional, short-circuited sections may be 
included, or their positioning varied on the partially shorted 
edge 166. The total width of all short-circuited sections 
( w si P 1 ^ W S2 ) is preferably between 10% and 90% of the total 
width of the patch W p . It has been observed that changing the 
size of the shorted sections 142, 144 as a percentage of the 
total width of the patch W p affects the input impedance. This 
feature may be useful in tuning the antenna. 

It has been experimentally observed that if the 
total width of the shorted sections is less than 10% of the 
width of the patch, the patch will perform as a half 
wavelength patch. It is believed that the minimum total width 
of the shorted sections must be sufficient to provide a mirror 
image of the radiating patch relative to the shorted edge. In 
other words, the total width of the shorted sections should 
not be reduced below that width which provides such an 
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adequate mirror image. In order to meet the requisite input 
impedance of 50 ohms, the currently preferred width of the 
shorted sections is approximately 3 0% of the width of the 
antenna . 

5 It has been found that the microstrip feed scheme 

described above has several advantages over previous feed 
schemes. For example, the position of the feed line 18 0 at 
the point it meets the patch 130 is less important in the 
present invention than in previous feed schemes. Previous 
10 schemes required the feedpoint to be placed well within the 
perimeter of the radiating patch to achieve an acceptable 
impedance. Thus, coaxial cables were often used to energize 
the antenna. This, of course, required an extension of the 
cable to the ground plane element, increasing the overall size 
15 of the antenna. Optimum positioning of a microstrip antenna 
can be difficult due to the protruding stub of a coaxial 
connection. For example, positioning the ground plane element 
adjacent to nearby metal surfaces may optimize the radiation 
pattern, but the stub of the coaxial "connection can make such 
20 positioning difficult if not impossible. The coaxial 

connection could be accomplished from the radiating patch 
instead of the ground plane element; however, gain could be 
disadvantageously reduced. Furthermore, if an array is formed 
of microstrip antennas, use of coaxial connections is 
25 disadvantageous partly due to the size and space requirements 
of such connections and the large number of coaxial cables 
that would be required. 

It has been suggested to provide a microstrip feed 
on the antenna itself that is inserted at the shorted edge and 
30 extends through the radiating patch to a feedpoint well within 
its perimeter. Conventionally, the feedpoint must be 
sufficiently distanced from the shorted edge in order to 
obtain an acceptable impedance. A major problem inherent in 
such microstrip feeds is unwanted radiation from the 
35 microstrip and cross-polarization of emitted radiation 
resulting in reduced gain and an impractical radiation 
pattern. This problem is related to the length of the 
microstrip feed and therefore a lengthy microstrip can emit 
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substantial amounts of unwanted radiation. Therefore, a 
microstrip feed is seldom used even though its use could 
reduce the cost and size of the antenna over a comparable 
coaxial connection, and simplify its connection to a circuit 
board. 

Each of the patches 13 0-13 3 positioned on the 
antenna array of Fig. 1 will preferably have the same 
configuration as the one discussed in conjunction with Fig. 2. 
Those skilled in the art will appreciate that different 
configurations of patches may be utilized to achieve different 
performance characteristics. Experimentation has shown that 
antenna arrays constructed according to the present invention 
exhibit excellent directivity, low susceptibility to human 
body effect, and are significantly smaller in size than . 
previous antenna arrays. 

Each of the patches 130-133 may be positioned much 
closer to. one another than in previous- arrays. It is believed 
that this is made possible, in part, by the double ring effect 
of the shorted patches 130-133. The double ring increases the 
coupling of , the patch, thereby allowing a closer placement of 
each patch to one another. For example, in one specific 
embodiment, the patches 130-133 may be positioned less than 
one quarter wavelength apart on the dielectric layer 110. 

Referring now to Fig. 4, another specific embodiment 
of a ring microstrip array according to the present invention 
is shown. In this embodiment, a two by four array 200 of 
patches 23 0a-h is used. Each patch contains a triangular 
aperture 2 50 formed therein. It has been found that 
triangular-shaped rings produce results similar to 
rectangular-shaped rings such as those shown in Fig. 1. In 
this specific embodiment, a microstrip feed line 280 is placed 
on the dielectric layer 210 so that each of the patches 2 3 0a-h 
is excited in phase. Edge 202 is the primary radiating edge 
of the array 200. 

Referring now to Fig. 5, another embodiment of a two 
by four array 300 is shown. In this embodiment, each of the 
patches 330a-h is oriented so that the primary radiating edge 
is edge 302. Again, a microstrip feed line 380 is fabricated 
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so that each patch is excited in phase. In the embodiment 
shown, each of the patches 330a-h has a circular ring 3 50 
formed in it. Other shapes of rings may also be employed. 

Referring now to Fig. 6, a three by three array 4 00 
5 is shown. In this embodiment, edge 4 02 is the primary 

radiating edge and each of the patches 4 3 0a-i includes a 
diamond-shaped ring 450 formed therein. Fig. 7 depicts 
another specific embodiment of array. Specifically, a four by 
four array 500 is shown, where each of the patches 530a-p 
10 contain a rectangular aperture 550 formed within it. Those 
skilled in the art will appreciate that other shapes, 
dimensions, and configurations of arrays may also be 
implemented. For example, the nine by nine array of Fig. 7 
may be implemented using triangular, diamond, or circular 
15 rings formed within the patch. The feed lines 580 may be 

created such that different patches will resonate at different 
phases. . . v . v . 

Referring now to Fig. 8, yet another embodiment of a 
ring microstrip antenna array 600 is shown. In this 
20 embodiment,.. the array is formed on a cylindrical dielectric ■ 
layer 610 which is then installed on a cylindrical surface 
605. The cylindrical surface might be the exterior of a 
missile, pole, or the like. This configuration also achieves 
good directivity while occupying a smaller overall space than 
25 previous conformal arrays. Any shape or configuration of 
array or shape of ring 650 may be utilized. 

As will be appreciated by those familiar with the 
art, the present invention may be embodied in other specific 
forms without departing from the spirit or essential 
30 characteristics thereof. For example, the number, dimensions, 
or relative sizes of radiating patches may be modified in 
order to attain different resonant frequencies and bandwidths. 
It is believed that different frequencies and performance 
characteristics may be achieved by merely scaling the 
35 dimensions of the specific embodiments discussed herein. 

Accordingly, the disclosure of the invention is 
intended to be illustrative, but not limiting, of the scope of 
the invention which is set forth in the following claims. 



BNSDOCID: <WO 9610276A1J_> 



WO 96/10276 



12 



PCI7US95/12438 



WHAT IS CLAIMED IS s 

I Claim: 

1. A ring microstrip antenna array comprising: 
a ground plane element of an electrically-conductive 
material ; 

a dielectric layer positioned above the ground plane 
element; 

a plurality of radiating patches of an electrically- 
conductive material positioned above the dielectric layer, 
said plurality of radiating patches arranged in an array 
formation ; and 

feed means positioned above said dielectric layer 
connecting each of said plurality of radiating patches to a 
feed source; 

wherein each of said plurality of radiating patches 
defines a ring of a shape formed within a perimeter defined by 
said radiating patch, a portion of said dielectric layer being 
exposed by said ring; : : . 

2. The ring microstrip antenna array of claim 1 
wherein each of said plurality of radiating patches defines a 
rectangular structure including a base edge, and wherein each 
of said plurality of radiating patches are aligned so that the 
base edges of said radiating patches are oriented in the same 
direction, 

3. The ring microstrip antenna array of claim 1 
wherein said base edge of each of said plurality of radiating 
patches includes a partial short-circuit. 

4. The ring microstrip antenna array of claim 3 
wherein said partial short circuit comprises a plurality of 
shorting posts positioned along a portion of said base edge, 
electrically connecting said radiating patch with said ground 
plane element. 
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1 5. The ring microstrip antenna array of claim 1 

2 wherein said feed means comprises a microstrip feed line. 

1 6. The ring microstrip antenna array of claim 2 

2 wherein said shape of said ring is a rectangle positioned 

3 parallel to said base edge. 

1 7. The ring microstrip antenna array of claim 2 

2 wherein said shape of said ring is an equilateral triangle 

3 having a first edge positioned parallel to said base edge. 

1 8. The ring microstrip antenna array of claim 2 

2 wherein said shape of said ring is a diamond having a corner 

3 nearest said base edge. 

1 9. . The ring microstrip antenna array of claim 2 

2 wherein said shape of said ring is a circle. 

1 10. .The ring microstrip antenna array of claim 1 

2 wherein said array formation is a two by two array.- 
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1 11. A double ring microstrip antenna array 

2 comprising: 

3 a ground plane element comprising a conductive material; 

4 a plurality of radiating patches comprising a conductive 

5 material and having a shorted edge; 

6 a dielectric layer positioned between the ground plane 

7 element and the plurality of radiating patches; 

8 wherein each of said plurality of radiating patches 

9 further comprise 

10 a shorted edge, formed from a plurality of shorting 

11 posts electrically connecting said plurality of radiating 

12 patches to said ground plane element, wherein said plurality 

13 of shorting posts are placed along a portion of said shorted 

14 edge, 

15 a radiating edge positioned opposite said shorted 

16 edge, 

17 a first side edge, and 

18 a second side edge positioned opposite said first 

19 side edge; and 

20 wherein each of said radiating patches defines a ringof 

21 a shape formed within a perimeter defined by said radiating 

22 patch, a portion of said dielectric layer being exposed by 

23 said ring; 

24 wherein each of said plurality of radiating patches is 

25 electrically connected to a microstrip feed line. 

1 12. The double ring microstrip antenna array of 

2 claim 11 wherein said portion of said shorted edge has a 

3 length between 10% to 90% of the total length of said shorted 

4 edge . 

1 13. The double ring microstrip antenna array of 

2 claim 11 wherein said plurality of radiating patches are 

3 positioned on said dielectric layer in an array formation. 

1 14. The double ring microstrip antenna array of 

2 claim 13 wherein said array formation is a two by two 

3 formation. 
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1 15. The double ring microstrip antenna array of 

2 claim 13 wherein said array formation is a four by four 

3 formation. 

1 16. The double ring microstrip antenna array of 

2 claim 13 wherein said array formation is a two by four 

3 formation. 

1 17. The double ring microstrip antenna array of 

2 claim 13 wherein said array formation is a three by three 

3 formation. 



1 18. The double ring microstrip antenna array of 

2 claim 11 wherein said antenna array emits signals having a 

3 wavelength. 
4 
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The double ring microstrip antenna array of 
■2 claim 18 wherein each of said plurality of radiating patches 
:. 3 , are spaced apart from each other by a distance of less than 
- 4 one half of said wavelength. 



1 20. The double ring microstrip antenna array of 

2 claim 11 wherein each of said plurality of radiating patches 

3 operate in phase. 
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